Fluid and sodium balance is important for performance and health; however limited data in rugby union players exists. The purpose of the study was to evaluate body mass (BM) change (dehydration) and blood[Na + ] change during exercise. Data was collected from 10 premiership rugby union players, over a 4-week period. Observations included match play (23 subject observations), field (45 subject observations) and gym (33 subject observations) training sessions. Arrival urine samples were analysed for osmolality and samples during exercise were analysed for [Na + ]. BM and blood[Na + ] were determined pre-and post-exercise.
INTRODUCTION
Fluid losses during team sports and the potential risk of dehydration, known as hyperosmol-hypovolemia (6) , have been reported for a number of years (37) . Rugby union players should attempt to prevent severe (>2%) dehydration (insufficient fluid intake:fluid loss) or hyperhydration (excessive fluid intake:fluid loss) during match play and training, thus maintaining fluid balance, due to the effect total body water has on tightly regulated homeostatic variables (6, 8, 29) and exercise performance (5, 6) . Athletes in other sports, albeit endurance, have been reported to over-drink during exercise (25, 26, 27, 28) diluting tightly regulated blood[Na + ] (135 -145 mmol/L) (29) . This can lead to hyponatremia (blood[Na + ] <135 mmol/L), shown in endurance athletes to have negative effects on performance (28) and in extreme circumstances cause fatalities (15, 30) . The health of a recreational tennis player has also been compromised due to hyponatremia, resulting in cellular edema and brain swelling (40) . To date, despite rugby union's popularity as a professional and amateur sport in England, UK, studies have only explored body mass change during match play, reporting a loss of 1.94 ± 0.14 kg for forwards and 1.04 ± 0.17 kg for backs (24) . With the exclusion of fluid intake, fluid loss, sodium loss and blood sodium concentration from studies of this type, there are no data for fluid balance and sodium homeostasis during match play and training in such a cohort.
Rugby union is an intermittent collision team sport played between two teams of 15 players, over two 40 minute periods, separated by a 10 minute rest interval (10,12). Players cover on average 6953m, at approximately 80-85% . Sweat loss is the key mechanism for heat dissipation to maintain body temperature (38) but it is unclear whether rugby union players habitually alter their drinking strategies during cooler environmental temperatures when there is a reduction in sweat loss.
International English rugby union U21 forwards and backs were reported to have a mean body mass loss of 1.03 ± 0.98 and 0.95 ± 0.99% during match play, while competing in an international tournament (23) . The magnitude of body mass loss is less than previously reported in South African university rugby union players; 1.5% (14) and 2.9% (7). Although studies report the level of dehydration, the absence of blood[Na + ] limits a more insightful interpretation. Recently, blood[Na + ] in addition to assessments of hydration status have been explored in New Zealand rugby union players during training in warm environmental conditions; 21 and 27 o C (9). Some players consumed fluid at a sufficient rate to gain body mass, although all players were normonatremic post-training. Findings show that body mass loss was always <2%, thus it is unlikely that dehydration was sufficient to reduce exercise performance (5, 6, 38) . Rugby union in the UK is played during the winter months, whereby environmental conditions would be cooler than reported by Cosgrove et al., (9). This would suggest that sweat loss would be less during exercise (39) and if fluid intake is similar, overdrinking, resulting in a dilution of blood[Na + ] may occur (29) .
Due to the limited information that is available for rugby union players in the UK, (re)hydration practices formulated from an evidence base are not possible. professional rugby union players will not experience dehydration (>2%) sufficient to reduce exercise performance and b) will develop dilutional hyponatremia.
METHODS

Experimental Approach to the Problem
The study was designed to investigate fluid balance (∆BM, estimated fluid intake and calculated fluid loss) and Na + homeostasis (Na + intake, Na + loss and ∆blood[Na + ]) in a field setting over a four-week period (November to December). All procedures were designed to cause minimal disruption to players' habitual routines. Although no pre-observation controls were employed, the data collected on arrival to match play and training explored the habitual arrival status of professional rugby union players. Likewise, data collected for the duration of match play and training determined habitual fluid balance during exercise. 
Subjects
Ten professional male rugby union players (age 28.1 ± 3.6 yrs., body mass 107.3 ± 11.5 kg, stature 188.1 ± 8.0 cm) competing in the English Premiership volunteered to participate in the study. The cohort was a heterogeneous sample regarding playing position; 3 props, 3 second rows, 2 centers, 1 scrum half and 1 winger. All protocols received institutional ethics approval and complied with the Declaration of Helsinki on human research.
Written informed consent was provided along with permission from the rugby union club.
Procedures
On arrival (match play; 60 mins prior to kick off, field and gym training; 30 mins prior to training) a urine sample was provided. Players were toweled dry (to remove any sweat from the skin) prior to assessment of body mass wearing underwear. Body mass was determined to the nearest 100g using calibrated digital scales (Seca, 700 1321008, Germany A pre-weighed individually labeled drinks bottle (containing water) and two preweighed individually labeled 500 mL commercially available sports drinks were provided, for ad libitum consumption. The drinks (choice and quantity) provided were determined by the professional clubs sports science staff, and reported as their normal hydration strategy. Extra fluid was available for players if required. Players were advised not to spit out or use their fluid for anything other than fluid intake, which was observed throughout by the researchers. Fluid intake was recorded during the pre-match period and during the half-time period for match play and for the duration of field and gym training. Fluid intake was not recorded during actual match play, as practicality issues made this impossible. The researcher observed limited opportunities to consume fluid during match play, although it is accepted that fluid intake and calculated fluid loss during match play may be underestimated. Pre-weighed individually labeled jerry cans were provided to collect any urine output produced during match play (aggregated for the pre-match period and during half-time), field or gym training.
Post-match play, field and gym training sweat patches were removed and placed in air tight containers. If any of the four sweat patches had been lost or was not air-tight, sweat patch samples were discarded for that subject observation. A urine sample was collected (to ensure an empty bladder prior to body mass assessment), a fingertip blood sample was taken and body mass was determined in the same manner (i.e., underwear only and toweled dry) as prematch play, field and gym training. All post-match play, field and gym training measurements were undertaken prior to fluid intake, once training had finished or after the full-time whistle for match play. All pre-weighed fluid containers were weighed post-exercise in triplicate independently, using bench top scales (resolution 0.001 kg, CS-2000, Ohaus, USA).
Differences in mass of container from pre to post-match play, field or gym training determined fluid intake and urine output.
Fluid loss was calculated as described by King et al. (17) rather than sweat loss (20) .
Absolute fluid loss is presented due to the time points of measurements (pre-and postexercise), which did not account for precise exercise duration or activity. Individual match play duration (excluding a 16 minute warm up) was; 80 mins, n = 10 subject observations, 79 -70 mins, n = 3 subject observations, 69 -60 mins, n = 6 subject observations and 59 -50 mins, n = 4 subject observations. The average duration of field and gym training sessions were 91 ± 3 and 62 ± 4 mins, respectively.
Urine Analysis: All urine samples were analysed for osmolality within 4 hours using a Sweat patches with the absorbent gauze exposed were placed into a filtration unit within a centrifuge tube (Amicon Ultra-15 Centrifugal Filter Unit with Ultracel-10 membrane gravimetrically to 0.001 g) was added using an air displacement pipette, ( ensure the values obtained were from sweat samples rather than skin leaching (45). Na + loss was calculated for sweat and urine using eq. [2] and then converted using eq. [3] . Total Na + loss was calculated using eq. [4] . Na + (mmol) = [Na + ] * FL or UO [2] Na + (g) = Na + (mmol)/1000 * 22.99 [3] Total Na + loss = Urine Na + loss + Sweat Na + loss [4] Analysis of Data Data were tested for normality of distribution (Kolmogorov-Smirnov test) and were presented as mean ± SD, with the range of data given in parentheses where appropriate.
Mean differences between variables were tested for significance with two-tailed student's t tests (paired or unpaired, as applicable), with Bonferroni corrections used for multiple comparisons. Data sets complete for all observations were used to explore correlations.
Pearson product moment correlations were calculated to determine bivariate correlation for parametric data and Spearman's rank correlations for non-parametric data for selected variables. Significance was set as P<0.05 for all statistical tests.
RESULTS
Mean urine osmolality on arrival to match play was significantly less than field and gym training (P<0.001, table 1). Arrival urine osmolality was only >900 mOsmol/kg on five occasions (6%), all prior to gym training. At all other points (during or post-match play, field and gym training) osmolality was indicative of euhydration; <700 mOsmol/kg. Table 1 shows mean ∆BM, fluid intake, urine output, fluid loss and plasma volume change during match play, field and gym training. The reduction in body mass was significantly greater during match play than field (P<0.001) and gym training (P=0.006) and there was no significant difference in ∆BM between field and gym training. Overall, for all observations mean fluid intake was significantly greater than fluid loss (1.16 ± 0.50 vers. 0.91 ± 0.57 kg, P=0.007).
Water intake accounted for 61% of fluid intake compared to 39% for sports drink (P<0.001).
Fluid loss was significantly greater for match play than gym training (P=0.001) and field training was greater than gym training (P=0.021), whereas there was no significant difference between match play and field training. There was a mean increase in plasma volume during match play, field and gym training sessions, although large ranges were evident ( was greatest for match play. However, match play produced the greatest number of individual post-exercise observations of post-exercise hyponatremia (33%). ***Insert Table 2 near here*** Of the complete observations (i.e. all variables were collected; n = 70 subject observations), data were categorized according to percentage of ∆BM (table 3) . Subjects who lost 1.0% of body mass did not experience post-exercise hyponatremia, whereas 35% of subjects were hyponatremic post-exercise when ∆BM was between -0.1 and -0.9%, which increased to 57% when subjects maintained body mass. When body mass increased during exercise subjects were hyponatremic on 43% of occasions. The relationship of ∆BM and postexercise blood[Na + ] can be seen in figure 1 , which shows that greater body mass losses are associated with greater post-exercise blood[Na + ]. Table 4 ***Insert Table 3 near here*** ***Insert Table 4 near here***
DISCUSSION
In professional rugby union players, limited information is available that evaluates ∆BM ∆BM during exercise is a result of a fluid imbalance, with some consideration for nonfluid mass loss (17, 20) . The magnitude of ∆BM in this study is less than previously reported in English rugby union Premiership players (∆BM -1.94 ± 0.14 kg for forwards and -1.04 ± 0.17 kg for backs), where 16 forwards (80%) recorded ∆BM of ≥-2% (24). Loss of mass by means of sweat is an unconscious thermoregulatory negative feedback mechanism to reduce or prevent a rise in core temperature, thus regardless of direction ∆BM is attributed to either sufficient or insufficient fluid intake. Although no measures of other mass losses occurred in this study, substrate metabolism (loss of ~200 g carbohydrate) and the gaining of metabolic water (~150 g) (17, 20) , may further reduce the need for fluid intake to preserve total body water. If body mass is maintained, total body water must have increased (32) Inclusive of match play and training (table 3) , this specific cohort of professional rugby union players were hyponatremic post-exercise on 36% of observations. This would be even greater (51%) if subjects with a post-exercise blood[Na + ] of 135 mmol/L (regarded as borderline) were included. Findings demonstrate that when body mass is maintained, postexercise hyponatremia is observed on 57% of occasions. Again as discussed previously, maintenance of body mass would suggest an increase in total body water. Post-exercise hyponatremia was also observed on 43% and 35% of occasions when there was an increase in body mass and body mass loss of 0.1 -0.9%, respectively. In contrast, all players from this study were normonatremic on all occasions when they lost ≥1.0% of body mass, suggesting that this may be the desired reduction in body mass during exercise to prevent dilutional hyponatremia.
Accepting the observations of hyponatremia are associated with over-drinking (in relation to fluid loss) (table 3) , drink choice may also be a consideration. Players favored water over the commercially available sports drink, thus it may be recommended that players consume a sports drink instead of water to increase their Na + intake during exercise. It should be noted that due to the excessive overall volume of fluid intake in relation to fluid loss in some players who had a ∆BM of -0.1 --0.9, 0.0 and ≥0.1% (table 3) During exercise in cold environmental conditions, it has been proposed that there is a reduced thirst sensation in comparison to exercise in warmer environmental conditions (21) .
In addition, during exercise in the cold, sweat loss is reduced in comparison to exercise in warmer environmental conditions. The concurrent nature of a reduced thirst sensation and reduced sweat loss would theoretically allow players to remain in fluid balance, regardless of environmental condition. This did not appear to be the case for some players within this specific cohort (i.e. those players that had a ∆BM -0.1 --0.9, 0.0 and ≥0.1%, table 3). It is speculated by the authors, that fluid intake was not determined by a reduction in total body water (onset of thirst), as players did not appear to be dehydrated during observations.
Possible explanations may be the exaggerated awareness of dehydration per se (25) , an isolated occurrence from individuals within a cohort of professional rugby union players or drinking due to thermal discomfort, as proposed in tetraplegic athletes (36) . Data presented as mean ± standard deviation. Ranges are presented in parentheses. MP = match play, FT = field training and GT = gym training. n= subject observations. * denotes a Table 3 . 
